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ABSTRACT 
The synthetic spectroscopic and biological studies of some unsymmetrical borole complexes derived 

from heterocyclic ketones and 2-mercaptoaniline have been characterized on the basis of elemental analysis 
molecular weight determinations and spectral studies including IR, !H NMR, 13C NMR and n B NMR. The 
equimolar reaction between unsymmetrical borole and these benzothiazolines have produced [B(C3H<;02) 
(N^S)] and [B^HgO^ (N°S)] type of boron complexes. The spectroscopic results show that the 
benzothiazolines behave in a monobasic bidentate fashion rendering the non-metal tetracoordinated. The 
benzothiazolines and their respective non-metal complexes have been screened for their antifungal and 
antibacterial properties. 

INTRODUCTION 
Boron and its compounds have attracted the attention of a large number of chemists mainly because of 

the tremendous range of structural peculiarities and subtle types of bonding. Boron shows an astonishing 
number of structural polymorphs. Further, the synthetic flexibility of boron, which has a wide range of 
'applications in various disciplines, has attracted a number of investigators in the field. Arene boronic acids 
show antiserotonin activity1. The toxicity to mice of a number of triarylboranes and their amine complexes has 
been investigated2. Recently, interest has also been sustained in the structural aspects of compounds containing 
boron - nitrogen bonds3"7. Benzothiazolines, which are biologically very active, constitute an important class 
of nitrogen and sulphur donor ligands8"9. The inherent biological potential of sulphur donor ligands prompted 
us to prepare unsymmetrical borole complexes of benzothiazolines. We report the synthesis, characterization 
and biological activity of boron complexes with biologically active monobasic bidentate benzothiazolines 
Bzt]H, Bzt2H and Bzt3H synthesized by the condensation of 2-mercaptoaniline with heterocyclic ketones, [1-
(2-naphthenyl)ethanone], [l-(2-pyridinyl)ethanone] and [l-(2-thienyl) ethanone], respectively. The 
benzothiazolines used can structurally be depicted as follows: 

R2= CH3 

RESULTS AND DISCUSSION 
The equimolar reactions of 2-isopropoxy - 4 - methyl - 1, 3, 2 - dioxaborolane [B(C3H602) (OPr1)] 

and 2-isopropoxy-4-methyl-l,3,2-dioxaborinane with monobasic bidentate benzothiazolines liberated 
isopropanol azeotropically with benzene. 

[B(C3H602) (OPr1)] + NriS Η • [BiCAOj) (N°S)] + Pr'OH 
benzene 

[B(C4H802) (OPr1)] + N"S Η • [B(C4H802) (N~S)] + Pr'OH 
benzene 

(Where, Nr>S represents the donor set of benzothiazolines) 
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The resulting coloured solids are soluble in MeOH, DMF and DMSO. The above reactions are quite 
facile and can be completed in 10-12 hrs. of refluxing. The method used for the preparation and isolation of 
the resulting complexes give materials of good purity as supported by their analysis. The complexes are 
monomelic as indicated by the molecular weight determinations. The low molar conductance value (10-14 
ohm"1 cm2 mol"1) reveals the non-electrolytic nature of the synthesized complexes. 

Electronic Spectra 
The electronic spectra of benzothiazolines consist of two bands around 250 and 315 nm, 

characteristics of benzothiazolines10. These may be attributed to the ψ-φ* and π-π* (benzenoid) transitions, 
respectively11. A new band around 400 nm due to η-π* electronic transitions of the azomethine group is 
observed in the spectra of unsymmetrical borole derivatives. This suggests the formation of azomethine 
grouping on complexation and subsequent isomerization of the benzothiazolines into the azomethine form. 

Infrared Spectra 
In the IR spectra of benzothiazolines the absence of ο (SH) at 2600-2500 cm"1 and υ (C=N) at 

1630-1600 cm"1 is a strong evidence for the ring structure12. On complexation the band at 3250-3100 cm"1 

due to NH13 stretching vibrations of the benzothiazolines disappears and a new band at ~ 1600 cm"1 is 
observed due to υ (C=N) vibrations. The chelation of these benzothiazolines through the azomethine 
nitrogen and thiolic sulphur further gets support by the appearance of new bands at ca. 1565-1535 cm"1 and at 
780-760 cm"1 in the spectra of complexes due to υ (B<-N)14 and υ (B-S)15 vibrations, respectively. 

'H NMR Spectra 
The proton magnetic resonance spectra of benzothiazolines and their corresponding unsymmetrical 

borole complexes have been recorded in DMSO-ds using TMS as the internal standard. The chemical shifts 
of different protons are given in Table I. The signals of the NH proton at 85.52 to 54.32 ppm in 
benzothiazolines, are found to be absent in their borole complexes confirming the deprotonation of NH group 
and coordination of boron with nitrogen atom. 

Table I: XH and UB NMR Spectral Data (δ, ppm/JHz) of Benzothiazolines and their Corresponding 
Borole Complexes 

Compound -NH -CH3 Aromatic Protons* UB 
(bs) (s) 1 3 4 5 6 7 

Bzt,H 5.52 3.42 7.32(s) 7.12-6.96(m) 6.72-6.40(m) -

8 ( 0 ^ ) (Bzt,) - 3.59 7.54(s) 7.28-7.04(m) 6.80-6.59(m) 0.72 
B(C4H802) (Bzt,) - 3.65 7.67(s) 7.36-7.20(m) 6.88-6.63(m) 1.15 
Bzt2H 5.40 3.36 6.40(d) 

(7.2Hz) 
6.88(dd) 
(7.7HZ) 
(7.2Hz) 

6.36(dd) 
(7.7HZ) 
(7.4 Hz) 

7.28(d) 
(7.4HZ) 

B(C3H«s02)(Bzt2) 3.59 6.72(d) 
(7.1Hz) 

7.04(dd) 
(7.8Hz) 
(7.1HZ) 

6.52(dd) 
(7.8Hz) 
(7.4Hz) 

7.51(d) 
(7.4Hz) 

2.21 

B(C4H802)(Bzt2) 3.67 6.80(d) 
(7.1Hz) 

6.96(dd) 
(7.9Hz) 
(7.1Hz) 

6.59(dd) 
(7.9Hz) 
(7.5Hz) 

7.62(d) 
(7.5Hz) 

2.63 

BztjH 4.32 + 6.40(d) 
(7.3Hz) 

6.80(dd) 
(7.3Hz) 
(7.4Hz) 

7.24(d) 
(7.4Hz) 

B(C3H602)(Bzt3) 5.74 6.62(d) 
(7.4Hz) 

6.96(dd) 
(7.4Hz) 
(7.5Hz) 

7.57(d) 
(7.5HZ) 

3.76 

B(C4H802)(Bzt3) 5.82 6.73(d) 
(7.2HZ) 

6.96(dd) 
(7.2Hz) 
(7.3Hz) 

7.64(d) 
(7.3Hz) 

4.02 

+ merged with -NH protons. 
In BztiH we found two sets of multiplets (3,4,5,8 & 6,7) 
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The change in the positions of CH3-C=N protons of the benzothiazolines in the spectra of complexes is a 
strong evidence of the formation of coordinate linkage between nitrogen and boron. 

13C NMR Spectra 
The 13C NMR spectra of benzothiazolines and corresponding borole complexes were also recorded 

in dry DMSO and assigned peak positions are listed in Table II. The shifts in the position of the carbon 
attached to S and Ν indicate their coordination with the boron atom. 

Table Π: 13C NMR Spectral Data*(5, PPM) of Benzothiazolines and their Corresponding Borole 
Complexes 

Compound C-N/C= N^>C= =s -CH 3 Aromatic 

Bzt,H 149.68 137.25 14.27 Cl 126.33; C2 130.18 C3 125.66; C4 124.68; C5 124.54; 
C6 123.54; C7 122.42 Cg 120.73; C9 119.73; C 1 0 120.68; 
c n 119.54; c 1 2 117.64; C1 3 115.68; C 1 4 115.45; C 1 5 113.44 

B ^ H A ) (Bzt,) 162.71 151.40 15.23 C1 127.68; C2 131.28; C3 126.22; C4 125.05; C5 124.63; 
c 6 124.59; C7 122.67; C8 121.62; C9 119.85; C 1 0 120.91; 
C], 120.12; C1 2 117. 88;C ] 3 116.91; C ] 4 116.02; C 1 5 113.56 

Β (C4HgC>2) (Bzti) 169.84 156.57 15.47 C1 127.68; C2 131.28; C3 126.22; C4 125.05; C5 124.63; 
c 6 125.12; C7 123.17; Cg 120.86 C9 119.82; C 1 0 121.89; 
c n 119.57; c ] 2 118.20; c 1 3 116.95; C ] 4 115.64; C ] 5 114.15 

BztjH 151.24 139.68 13.15 c 2 126.90; C3 125.70 C4 125.73 C5 125.81; C6 126.51; 

C 7 125.63; Cg 123.19 C9 121.80 C 1 0 121.75; Cn120.40 
B(CÄOi) (Bzt2) 168.24 150.63 14.17 c 2 127.21; C3 125.99 C4 125.91 C5 125.98; C6 126.77; 

c 7 126.23; Cg 123.26 C9 121.98 C ] 0 122.72; Cn121.51 
B(C4H802) (Bzt!) 172.62 159.73 14.29 c 2 127.32; C3 125.94 C4 125.75 C5 126.37; C6 126.76; 

c 7 126.82; Cg 124.02 C9 122.68 C 1 0 122.56; C u 20.79 
Bzt3H 148.64 134.50 12.34 c 2 130.13; C3 126.48 C4 124.24 C5 125.23; C6 123.76; 

c 7 120.82; Cg 115.60 C9 115.18 C 1 0 113.80 
BfCjUOj) (Bztj) 165.76 152.42 13.23 C2 131.01; C3 126.57 C4 124.56 C5 126.12; C6 123.96; 

C7 121.56; Cg 115.77 C9 116.02 C 1 0 113.98 
B(C4H802) (Bzt3) 169.82 156.54 13.36 C2 132.11;C3 126.76 C4 124.50 C5 125.52; C6 124.13; 

C 7 120.97; Cg 115.85 C9 116.15 C ] 0 114.02 

* Assignments were done based on available literature. 

U B NMR Spectra 
The 11Β NMR spectra of benzothiazolines and complexes were recorded in DMSO-d6 using BF3 

Et20 as external standard. The n B NMR spectra give signals in the range δ 0.72-4.02 ppm, indicating the 
tetracoordinated state16 of boron in these unsymmetrical borole derivatives. 

Thus on the basis of above discussions it is clear that the benzothiazolines by coordinating to boron 
atom through the thiolo group and azomethine nitrogen behave as monobasic bidentate agents. The spectral 
evidences also lend support to the proposed coordination in these complexes and the following tentative 
structures have been proposed for the resulting products: 
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H 2 C — Ο s 
/ w 

h 2 c β 

H C — Ο VN 
I u 

c h 3 
R C H 3 

BIOCffiAL ACTIVITY 
The biocidal activities of heterocyclic benzothiazolines and their corresponding unsymmetrical 

borole complexes against different fungi and bacteria have been recorded in Tables III and IV by the agar 
plate technique and paper disc plate method1respectively. 

Table ΙΠ: Fungicidal Screening Data of Benzothiazolines and their Corresponding Borole Complexes 
(Average Percentage inhibition after 96 hours) 

Compound Macrophomina phaseolina 

Cone inppm 

Fusarium oxysporum 

Cone in ppm 

50 100 200 50 100 200 

BztjH 28 43 56 40 52 64 
Bzt2H 28 37 52 24 35 58 
Bzt3H 23 31 52 31 35 41 
B(C3H602) (Bzti) 40 61 75 52 61 72 
BCCBHÄ) (Bzt2) 42 69 77 53 63 74 
B(C3H602) (Bzt3) 48 70 79 56 68 78 
B(C4H802) (Bzt,) 65 76 82 67 78 83 
B(C4H802) (Bzt2) 78 84 87 72 79 85 
B(C4H802) (Bzt3) 80 86 88 82 85 89 

Table IV: Bactericidal Screening Data of Benzothiazolines and their Corresponding Borole Complexes 

Compound 
Diameter of inhibition zone (mm) 

Compound 
Pseudomonas 
cepacicola (-) 

Klebsiella 
aerogenous (-) 

Escherichia 
coli (-) 

Compound 

500 1000 500 1000 500 1000 
Bzt! Η 4 7 4 7 5 8 
Bzt2H 4 6 3 5 5 7 
Bzt3H 5 8 4 5 4 8 
BCCÄO,) (Bzt,) 5 8 6 8 7 9 
B(C3H602) (Bzt2) 6 8 5 7 6 8 
B(C3H602) (Bzta) 7 11 7 7 9 11 
B(C4H802) (Bzt,) 9 9 9 10 9 12 
B(C4H802) (Bzt2) 8 10 8 9 8 10 
B(C4H802) (Bzt3) 8 12 8 11 10 12 
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The results showed that the benzothiazolines alone were quite toxic but their activity increased on 
undergoing complexation. The mechanism of the toxicity of the compounds compared with the parent 
benzothiazolines may be ascribed to increase lipophilic nature of the central boron atom arising due to 
chelation. 

EXPERIMENTAL 
All the glass apparatus with standard quick fit joints was used throughout. Adequate precautions 

were taken to exclude moisture from the system. The chemicals and solvents used were dried and purified by 
standard methods. 

Table V : Physical Properties of Benzothiazolines 

Compound Colour M.P(°C) Analysis % Found(Calcd.) Mol. Wt.Found(Calcd.) 

C Ν S Η 

Bzt,H Yellow 88 78.0(77.8) 5.0(4.8) 11.5(11.1) 5.4(5.2) 277(290) 

Bzt2H Yellow 87 72.9(72.3) 13.0(12.6) 14.9(14.2) 5.6(5.4) 214(255) 

Bzt3H Yellow 85 91.2(90.9) 8.8(8.2) 40.5(39.9) 7.0(6.8) 158(180) 

Preparation of Benzothiazolines 
The benzothiazolines were prepared by the condensation of [l-(2-naphthenyl) ethanone], [ l - (2 -

pyridinyl)ethanone] and [l-(2-thienyl)ethanone] with 2-mercaptoaniline in 1:1 molar ratio in EtOH. The 
reaction mixture was stirred for 3-4 hours and the solid which separated out was filtered off, recrystallized 
from EtOH and dried in vacuo. All the products are coloured solids. 

Synthesis of Unsymmetrical Borole Complexes 
The unsymmetrical monoisopropoxy borane was taken in benzene and an equimolar quantity of the 

benzothiazolines (BztiH, Bzt2H and Bzt3H) was added in it. The reaction mixture was refluxed for 10-12 
hrs. and the liberated isopropanol was fractionated azeotropically with benzene. After the completion of the 
reaction, the excess of the solvent was distilled off and the product was dried in vacuo. It was repeatedly 
washed with dry cyclohexane and again dried for 3-4 hrs. The complexes were recrystallized from 
benzene/ether (1/1). 

Table VI : Physical Properties of Unsymmetrical Borole Complexes 

Compound Colour and M.P(°C) Analysis % Found(Calcd.) Mol. Wt Found(Calc d.) 

C Ν S Β Η 

B(C3H602) (Bzt,) Yellow,98-102 69.8(69.1) 3.8(3.1) 8.8(8.3) 2.9(2.6) 5.5(5.1) 361(380) 

B(C3H602) (Bzt2) Blakish green,99-104 64.4(63.9) 9.4(8.9) 10.7(10.1) 3.6(3.4) 5.7(5.3) 298(315) 

B(C3H602) (Bzt3) Greenish yellow,103-106 74.4(74.1) 5.7(5.1) 26.4(26.1) 4.4(4.1) 6.6(6.4) 242(260) 

B(C4H802) (Bzt[) Yellow,105-108 70.4(69.9) 3.7(3.2) 8.5(8.0) 2.8(2.5) 5.9(5.4) 375(390) 

B(C4H802) (Bzt2) Blackish green,110-112 65.4(65.2) 8.9(8.1) 10.2(9.8) 3.4(3.1) 6.1(5.8) 312(340) 

B(C<H802)(Bzt3) Greenish yellow,113-116 75.0(74.8) 5.4(4.8) 25.0(24.8) 4.2(3.9) 7.0(6.7) 256(275) 
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Analytical Methods and Physical Measurements 
Nitrogen and sulphur were estimated by the Kjeldahl's and Messenger's Methods, respectively. 

Carbon and hydrogen analyses were performed at the Microanalytical Laboratory of the Department. Boron 
was estimated volumetrically as boric acid18. The molecular weights were determined by the Rast-Camphor 
method. Infrared spectra with KBr optics were obtained using Perkin-Elmer 577 Grating Spectrophotometer. 
The 'H and 13C NMR spectra were recorded in DMSO-d6 using TMS as the standard on a Jeol FX 90 Q 
Spectrometer. n B spectra were scanned on Bruker WH 90 Spectrometer operating at 64.21 MHZ at 31°C 
using BF3.Et20 as an external standard. 

Β10 CID AL SCREENING 
The synthesized benzothiazolines and their corresponding unsymmetrical borole complexes were 

tested for the in vitro growth inhibitory activity against pathogenic fungi, viz. Macrophomina, phaseolina, 
Fusarium oxysporum and bacteria, viz., Pseudomonas cepacicola, Klebsiella aerogenous and Escherichia 
coli. Proper temperature, necessary nutrients and growth media free from other microorganisms were 
employed for the preparation of cultures of fungi and bacteria using aseptic techniques19. 
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